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Description 

The invention relates to a column for 
s parating solid particles from a liquid 
suspension and/or purification or leaching of 
solid particles, consisting of a cylindrical column 
closed at both ends by a fixed wall or a lid and 
provided near one end with a rotating scraper for 
the disintegration of a washed compacted bad, 
means for supplying wash liquid and means for 
removing suspended solid particles, and near the 
opposite end of the column provided with a 
stationary screening device mounted 
perpendicular to the axis of the column and 
having a diameter equal to the inner diameter of 
the column. 

Such an apparatus is known from US-A-3 872 
009, especially the embodiment according to 
figure 3, in which the suspension is batch-wise 
introduced. 

In a first phase of operation the scraper is 
moving from a lowest position to a highest 
position, during which phase the column is filled. 

In a second phase compression of the crystal 
bed takes place, the scraper is going from the 
highest position downwards. 

In a final or third phase scraping of the bed 
takes place by rotating the scraper and moving 
downwards for the rest of its stroke. 

A drawback of this batch-wise acting column is 
the complicated structure of the rotating and 
reciprocating scraper and its limitation with 
regard to scaling up to column diameters above 
e. g. 50 cm. 

As a result of extensive research and 
experimentation an improved column, as well as 
a method for separating solid particles from a 
liquid suspension and/or purification or leaching 
out of solid particles in a column, are provided in 
order to avoid the before depicted disadvantages 
of the equipment presently available according to 
the state of the art. 

The column according to the invention is 
characterized in that said screening device 
consists of two parallel circular plates of which 
part of the plate facing the scraper is perforated 
to be permeable for liquid and not permeable for 
the suspended solids, where the other pan of 
said plate is occupied by channels which extend 
axially of the column between said plate and the 
other parallel plate, which channels connect the 
spaces at both sides exterior to the parallel 
plates, which channels have no open connections 
to the space enclosed by the two parallel plates 
and which channels have a diameter which is at 
least one order larger than the diameter of the 
perforations in the plate facing the scraper and 
the space between the other parallel plate and 
the wall closing that end. of the cylinder 
comprises means for supplying the liquid 
suspension. 

The apparatus according to the invention may 
separate crystals from a suspension and washing 
the crystals with a wash liquid in a continuous 
packed column. 



In this column the liquid suspension is expelled 
via a screening device situated in the column. The 
pulsewise moving compacted bed is 
disintegrated and the product of this 
5 disintegration is removed. 

From a viewpoint of construction costs, a 
preferred embodiment of such a column is 
characterized in that the other parallel plate of 
the screening device not facing the scraper is not 
10 identical with the fixed wall closing the cylinder. 

However even attractive results can be 
obtained with an alternative embodiment of a 
column, characterized in that the other parallel 
plate of the screening device not facing the 
15 scraper, is formed by the fixed wall closing of 
that end of the cylinder. 

The present invention will now be further 
described with reference to the accompanying 
Figures. 

20 

Figures 1, 6 and 7 schematically show a 
possible embodiment of the equipment to be 
used for carrying out the process of the present 
invention and of which the wash column is 
25 forming an essential part. 

Figure 2 schematically shows a possible 
embodiment of the wash column including a 
screening device. 

In Figures 3 - 5 some possible embodiments of 
30 the screening device are shown in schematical 
form. 

In columns for the separation and/or 
purification of solid particles from a suspension 
35 in which liquid suspension is fed pulsewise, the 
compacted bed must be released from the 
screening plate at the beginning of the feeding 
phase. 

It will be appreciated by people skilled in the 

40 art. that an advantage of the equipment and 

process of the present invention is relating to the 
feature, that all actions within the wash column 
are controlled by the pressure P, by means of 
which an automatical adjustment is reached 

45 under differing process conditions. 

According to one of the specific embodiments 
of the wash column of the invention as depicted 
in Fig. 2, this column is improved by providing it 
with a screening device 3 consisting of two 

50 parallel plates 103 which plates are situated 

between the compacted bed and the suspension 
inlet (Fig. 3 - 5). 

Channels 101 between these plates connect the 
spaces on either side of the screening device. 

55 The channels have a diameter large enough to let 
the suspension pass. These channels do not have 
open connections with the space enclosed by the 
screening plates. The channels are preferably 
formed by hollow cylinders perpendicular to the 

60 sere ning plates. Th diameter of the 

perforations 102 and/or the surface fraction of 
the perforations of the screening plate next to 
the suspension inlet has to be substantially 
smaller than the diameter of th perforations 

65 and/or the surface fraction of the perforations of 
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the other opposite screening plate. The diameter 

of the perforations must be small enough to 

prevent that solid particles are pushed through 

these perforations. The friction of the suspension 

through th channels must be much smaller than 5 

the friction of the liquid phase through the two 

sere ning plat s. The diameter of the channels is 

preferably between 0.2 and 10 cm. depending on 

the kind of liquid suspension. For example in the 

case of aqueous suspension the diameter of the 10 

channels is preferably between 0.5 and 3 cm. 

At the beginning of the feeding phase the 
compacted bed rests on the screening device. 
When liquid suspension is fed. the liquid phase 
presses equally against the whole surface area of 15 
the compacted bed as a result of the • 
permeability of the screening plates. The bed is 
uniformly and simultaneously released from the 
screening plate. Subsequently the supplied liquid 
suspension flows through the channels 101 20 
between the screening plates into the space 
betw en the compacted bed and the screening 
device, meanwhile lifting this bed. 

In an alternative embodiment the screening 
devic is provided with a screening plate 103 at 25 
the side of the compacted bed, while on the 
opposite side the screening device is closed by a 
plate 105 without perforations, which is movable 
in the direction of the opposite plate. At the 
beginning of the feeding phase the liquid 30 
suspension presses against plate 105. By the 
resulting movement of the plate the liquid phase 
is pressed out of the screening device via 
perforations 102. releasing the compacted bed 
from the screening device. The movable plate 105 35 
returns to its original position when the pressure 
drop over the screening device decreases, for 
example by its own weight or by means of 
springs 104. 

In a second alternative embodiment the 40 
scr ening device is provided with a screening 
plate 103 at the side of the compacted bed, while 
on the opposite side the screening device is 
provided with an flexible membrane 106 which is 
not permeable for liquid. By supplying liquid 45 
suspension the membrane is moved from 
position 106a under influence of the pressure 
drop to position 106b. The liquid phase is pressed 
out through the perforations 102, releasing the 
compacted bed from the screening device. After 50 
the pressure drop over the screening device is 
vanished, the membrane returns in position 106a. 

The liquid phase separated from the solid 
particles is drained off from the space between 
the screening plates. 55 

Upscaiing to any other industrial-usefull scale 
will smoothly proceed because no movable parts 
in the column are embodied which have to supply 
the force necessary to transfer the compacted 
bed 2 and the suspension. In an embodiment of 60 
the invention which will be described by means 
of the Figure 1 unless indicated otherwise, the 
driving force is supplied by an external pump 13. 
Also the use of the screening device 3 excludes 
difficulties in upscaiing. The pump 13 is 65 



admittently or continuously pumping to maintain 
increased mean pressures Pj and P 2 where 
automatically P 2 will remain smaller than P,. 

The wash column is used pulse wise. The cycle 
in the process of the present invention can be 
devided in two phases, viz. a feeding phase and a 
compacting/washing phase. The feeding phase, 
succeeding the washing phase, starts when a 
signal of detector 7 is obtained indicating that the 
wash front in the compacted bed, the dividing 
plane between the liquid solution and the wash 
liquid, has reached the first outmost limit at 
detector 7. In one embodiment sensing devices, 
in themselves known, record the concentration 
difference that exists between the liquid soluti n 
and the wash liquid (for example photo-electric 
cells). In another embodiment sensing devices, 
known per se, record the temperature difference 
that exists between the liquid solution and the 
wash liquid (for example thermocouples or 
infrared detectors). The signal is processed by a 
level controller 40. 

After said signal of detector 7, valve 11 is 
closed and shortly later valve 10 is opened. 
Between the valve 11 is closed and the valve 10 is 
opened, a time delay may be introduced. by a 
timer 34. Because of the pressure difference 
between the pressure P, in expansion vessel 14 
and the pressure P 2 in expansion vessel 24, the 
suspension is fed into wash column 1 via feed 
line 8 and the compacted bed is lifted. Because 
of this pressure difference the compacted bed is 
pushed against the rotating scraper 4 (for 
example a disk provided with knives), by which 
the upper layer of the washed compacted bed is 
disintegrated. Because of this pressure 
difference over the compacted bed the liquid 
solution is transported in respect of the 
compacted bed in the direction of the scraper, so 
the washfront is moving somewhat faster than 
the compacted bed in the direction of the 
scraper. 

At the beginning of the feeding phase pressure 
P 2 in expansion vessel 24 has reached its lowest 
value during the whole cycle and valve 30 is 
closed. During the feeding phase pressure P 2 is 
increased up to a chosen maximal value of 
pressure P 2 , then pressure controller 29 actuates 
valve 30 and the pressure P 2 remains constant at 
the chosen maximal value. "The actuation of valve 
30 is also possible by a level controller of the 
liquid in expansion vessel 24, using the relation 
between pressure P 2 and the gas volume above 
the liquid in expansion vessel 24. 

The feeding phase is ended and the 
compacting/washing phase is started when 
detector 6 gives a signal to the level controller 40 
that the washfront has reached the second 
outmost limit. At the beginning of the 
compacting/washing phase valve 10 is closed 
and valve 11 is opened. Between the time valve 
10 is closed and valve 11 is opened, a time d lay 
may be introduced by timer 34. The driving force, 
responsible for the transport of the liquid phase 
through the screening plates out of the column 
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and for the movement of the washfront in the 
direction of the screening device during the 
compacting/washing phase, depends on the 
difference between the values of pressures P2 
and P 3 . 

In consequence of this difference in pressure 
between P 2 and P 3 , P 3 is the pressure in the outlet 
of the screening device, the liquid phase is 
transported through the screening plate, while 
the solid particles remain behind and are pressed 
together as a compact layer. Already during this 
compacting, but especially afterwards, the 
washfront moves as a result of the pressure drop 
over the compacted bed. in the direction of the 
screening device until the level is reached where 
detector 7 is situated. Detector 7 gives the signal 
that the washfront has reached the first outmost 
limit and the cycle starts again. This cycle of the 
washfront takes about 0.1 to 40 seconds. 

A pan of the compacted bed from the side 
which is situated opposite to the side which joins 
the screening device has to be removed during 
the cycle in order to prevent unlimited expansion 
of the compacted bed. According to the invention 
the column is provided with a scraper 4 (for 
example a radial rotating disk provided with 
knives). Several scrapers suitable for such a 
purpose can have several forms, as known in the 
art. The scraper disintegrates that part of the 
washed compacted bed which is pushed against 
this scraper. The scraped product, solid particles 
created by disintegration, is flushed out by wash 
liquid. This suspension is melted in heat 
exchanger 19 and the formed clean liquid is 
pumped around by pump 17 at a pressure P 2 and 
can be recycled as wash liquid. 

A loop is formed by scraper 4. line 16. pump 17. 
line 18, heat exchanger 19, line 23, expansion 
vessel 24, line 26 and line 27. 

By means of a temperature sensor 22 the heat 
supply, supplied by heat exchanger 19, is 
controlled for example by valve 21 in heating 
liquid supply line 20 and a temperature is 
adjusted for the wash liquid, which is for 
example maximally 3° C warmer than the melting 
temperature of the washed solids obtained in 
column 1. For example using water as wash liquid • 
the temperature is maximally 1°C above the 
melting point of the ice crystals supplied by 
column 1. 

In the last part of the feeding phase, when 
pressure P 2 has reached its maximal value, a part 
of th recycled wash liquid is drained off by valve 
30. 

In one embodiment of the invention the radial 
rotating scraper is movable in axial direction. The 
scraper is situated above the compacted bed and 
its weight pushes on the compacted bed. The 
setting force of the knives of the scraper is 
supplied by the weight of the scraper. In general 
th scraper is preferably movable in the direction 
of th axis of the cylindrical column to give a 
pressure on the knives to disintegrate the 
washed compacted bed in an optimal way. 

In an alternative embodiment the scraper is not 



movable in axial directi n and has a relatively 
high scraping capacity. During the feeding phase 
the compacted bed is pushed against the scraper 
as a result of the pressure difference over the 
5 compacted bed. The scraping will continue to at 
the end of the feeding phase. 

To keep the solid particles near the inlet of the 
screening device in suspension, a stirrer 5 can be 
mounted. Stirrers 15 and 25 may also be mounted 
W in the expansion vessels 14 and 24. respectively. 
Fig. 6 shows a somewhat alternative 
arrangement according to the invention different 
from that presented by Fig. 1. The buffers 
indicated by 14 and 24 consist of two coaxial 
75 cylinders of which the inner one at the end 

extending into the outer cylinder is open, and the 
outer one is closed at both ends. The annulus 
remains partly filled with gas. The suspension is 
fed into the top of the vertically placed inner 
20 cylinder during compression, and leaves that top 
during expansion. 

In case of the ice crystals suspended in" an 
aqueous solution, the crystals tend to float in the 
upper part of the inner cylinder. During the 
25 compression of the gas phase the entering 

suspension fluidizes the floating crystals, and 
during the expansion phase the suspended 
crystals are preferentially removed. 

With this arrangement suspensions in liquid of 
30 which the density of the suspended particles is 
lower than the liquid density, can be ideally 
buffered and do not require stirring. 

Also the process control according to Fig. 6 is 
principally different from that according to Fig. 1. 
35 The column contains only one sensor 7, which 
indicates whether the wash front is above or 
below the position of the sensor. In case the 
wash front passes below the level of the sensor, 
meaning that, due to a too high pressure P 2 . the 
40 wash front is pushed away from the scraper, the 
signal of the sensor starts to open valve 30. The 
increased flow of melted crystals leaving via 31 
results in a gradual decrease of the pressure P 2 . 
As soon as the wash front rises above the sensor, 
45 valve 30 is closed, resulting in an increase of 
pressure P 2 . The feeding of suspension to the 
column and the withdrawal of liquid is controlled 
by the valves 10 and 1 1 respectively which in turn 
are actuated by a timer 34. Practical sequences 
50 for valve 10 are for example: periods of from 0.05 
- 9 seconds and preferably 0.5 seconds open 
while valve 11 is closed, followed by a dead time 
interval of from 0.05 - 0.5 and preferably 0.1 
seconds during which both valves 10 and 11 
. 55 remain closed, succeeded by a period of from 
0.05 - 30 seconds preferably of 2 seconds that 
only valve 1 1 is open; again a dead time interval 
of between 0.05 - 0.5 and preferably of 0.1 
seconds, after which the cycl is repeated. 
60 During the interval that valv 10 is in open 

position, the suspension is fed to the column, 
passes through the channel 101 (see Fig. 2) and 
lifts the. compacted bed of crystals 2. When 
valve 10 is closed and valve 11 in open position. 
65 the positive pressure difference P 2 - P3 expels 
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liquid from the freshly introduced suspension in 
th wash front via the inn r sieve surface 103 to 
the liquid outlet 32. Subsequently the wash front 
moves towards the sere ning device until sensor 
7 actuates valve 30 which then starts to open, 5 
thus bringing the moving wash front to a stand- 
still. The wash pressure P 2 is not adjustable 
independently but wholly determined by feeding 
capacity and concentration of suspended solids 
in the feed and the suspended particle size and 10 
shape distribution. 

It will be appreciated that the wash columns 
according to the present invention will operate in 
th described advantageous way with a varying 
height of the column between 10 and 200 cm. 15 
preferred heights of these columns are lying 
between 25 and 100 cm for most practical 
conditions. The diameter of the column may vary 
from 10 - 100 cm and preferably from 15-25 cm. 

The wash column of the present invention may 20 
give attractive results for the concentration of 
aqueous solutions and separation of ice crystals. 
However, other two phase (liquid/solid) systems 
like e. g. fatty acids, paraxylene in liquid and solid 
form may be treated with the same results. 25 

The invention is illustrated by the following 
examples, however without a restriction-of the 
scope of the invention to these embodiments. 

30 

Example. 1 

Ice crystals are formed in a directly cooled 
crystallizer which is continuously fed with a 35 
sucrose solution of 1 wt.-% in water and in which 
crystallizer that solution is concentrated upto 8 
wt.-% dissolved sucrose. The direct cooling is 
obtained by injection of liquid butane in the 
stirred aqueous solution. The solution is kept at 40 
an absolute pressure of 0.95 bar. At a residence 
time of the crystals of 25 minutes the mean 
particle diameter of the ice crystals is 250 yim. 
That crystal suspension containing 20 wt.-% 
crystals is continuously fed to wash column 1, 45 
according to Fig. 7. The feeding rate of the 
susp nsion is 650 kg/h and the corresponding ice 
feed rate 130 kg/h. 

The wash column 1 has an inner diameter of 15 
cm and a total length of 100 cm. The rotating 50 
scraper 4 is movable in axial direction of the 
column over a length of 5 cm. By means of a 
pneumatic system it presses with an 
overpressure of 0.4 bar against the vibrating 
compacted ice crystal bed 2. The minimum ' 55 

distance between the scraper and the screening 
device is 75 cm. The screening device consists of 
two parallel sieve plat s, which are connected by 
pipes haying an inner diameter of 1.0 cm and are 
situated in a triangle arrangement at a mutual 60 
distance of 3.0 cm. The holes in the sieve plates 
facing the compacted bed of crystals are 100 jim 
and the free surface area is 10 %. The holes in 
the other siev plates are 50 urn and the free 
surface area is only 1 %. The sensor 7 is a 65 



photocell. The opening and closing periods of the 
ball valves 10 and 11 in the suspension inlet 8 and 
the liquid outlet 9 are controlled by the cycle 
timer 34. In the pres nt example the periods are: 
valve 10, 1 second in open position followed by a 
dead time of 0.1 seconds that both valves are 
closed, subsequently followed by valve 11 during 
2 seconds in open position and thereupon again a 
dead time interval of 0.1 seconds that both valves 
are closed again. After this last interval the cycle 
is repeated. 

Under the conditions mentioned the mean 
pressure P, is about 2 bars overpressure, the exit 
pressure for the liquid leaving the screening 
device 3 via 9. valve 11 and 32 is atmospheric and 
the mean pressure P 2 of the liquid above the 
scraper is about 0.5 bars overpressure. 

During the feeding phase the compacted ice 
bed is lifted from the screening device by about 
3.3 cm. The wash front is lifted by about 3.5 cm. 
The lifting of the compacted ice crystal bed 
occurs absolutely evenly and the interface 
separating the compacted bed from the freshly 
introduced crystal suspension remains parallel 
with the surface of the screening device. At the 
feed rate of 130 kg ice crystals per hour, which is 
equivalent to a capacity of 7357 kg ice/m2 column 
cross section per hour, a very stable and 
horizontal wash front is obtained. The sucrose 
concentration in the melt of the washed ice 
crystals leaving the column at 31 amounts to 
about 10 ppm. The mother liquid leaves the 
column at 32 at a concentration of 8 wt.-'Vo. 



Example 2 

About the same wash column as described in 
Example 1 is used for the separation and 
purification of para-xylene crystals out of a 
suspension of those crystals in a mother liquid 
containing the isomeres of para-xylene and ethyl 
benzene. Differences with the wash column 
according to Example 1 are: (1) the scraper is not 
movable in the axial direction of the wash column 
and rotates at a higher speed and (2) other 
configurations of the buffer vessels 14 and 24. For 
the buffering of the suspension of para-xylene 
crystals the inner cylinders are removed and the 
joined inlet and outlet is at the bottomside of the 
cyclindrical buffer vessel. The crystal suspension 
leaving the crystallizer at a temperature of 0 e C 
contains 25 wt.-% para-xylene crystals, the 
concentration of para-xylene dissolved in the 
mother liquid amounts 69 wt.-%. The mean 
particle size of the crystals is 160 um. The fe d 
rate of the suspension to the wash column is 500 
kg/h and the corresponding para-xylene crystal 
feed rate 125 kg/h. The cycle sequence is: valve 
10, 2 seconds in open position f Mowed by a dead 
time of 0.1 seconds, than both valves 10 and 1 1 
are closed, subs quently followed by valve 1 1 
during 2 seconds in open position and thereupon 
again a dead time interval of 0.1 seconds that 
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both valves are closed again. 

Under th conditions mentioned the mean 
pressure Pi is about 4 bar overpressure, the exit 
pressure for the liquid leaving th screen device 
via 9, valve -11 and"32 is atmospheric and the 
mean pressur Pj of the liquid above the scraper 
is about 3.0 bar overpressure. The washfront 
separating in the compacted crystal bed the zone 
where the interstices are still filled with mother 
liquid of 0°C and the zone where the mother 
liquid has been replaced by the melt of pure 
para-xylene crystals of 13°C is kept somewhere 
in the middle of the column. The purity of the 
m It leaving the column at 31 amounts 99.98 wt.- 



Example 3 

The wash column according to the invention is 
used to purify sodium chloride from its adhering 
mother liquid. The suspension of mother liquid 
and crystals contains at a temperature of 60° C, 29 
wt.-Qb crystals. The mother liquid contains 38 wt.- 
% dissolved sodium chloride. 58 wt.-% water and 
4 wt.-Qfa dissolved impurities like sodium 
sulphate. The mean crystal diameter is defined 
by: 

I - XS 

in which Xj is the weight fraction of the crystals 
with diameter dj. The mean crystal diameter is 
195 |im. 

In the wash column the crystals are seperated 
from their mother liquid and subsequently 
countercurrently washed with the saturated 
solution of pure sodium chloride crystals in 
demineralized water. The example will be 
elucidated with aid of Fig. 8. The wash column 1 
is a cylinder with a total length of 100 cm and an 
inner diameter of 15 cm. The rotating scraper 4 is 
movable in the axial direction of the column over 
a length of 6 cm. By means of a pneumatic 
system it presses with a pressure of 0.05 bar 
against the vibrating compacted bed of sodium 
crystals 2. The minimum distance between the 
scraper and the screening device 103 is 74 cm. 
The screening device consists of two parallel 
si ve plates, which are connected by pipes 
having an inner diameter of 1.0 cm and are 
situated in a triangle arrangement at a mutual 
distance of 3 cm. The holes in the sieve plates 
facing the compacted bed are 150 uxn and the 
open surface area occupied by the holes is 10 %. 
The holes in the other sieve plates are also 150 
ujti but the open surface area is only 1 %. The 
wash column is mounted vertically with the 
screening device in the upper part of the column. 
The vessels 71 and 85 are buffer vessels. 80 is an 
open storage vessel supplied with a liquid level 
indicator 82. The crystals are seperated from the 
saturated solution of pure sodium chloride 
crystals in pure water in the d canter centrifuge 
74 which contains a helical conveyor. 

The suspension of sodium chloride crystals in 



mother liquid is continuously fed to the column 
with pump 13 at a rate of 850 kg/h. The opening 
and closing periods of the ball valves 1 0 and 1 1 in 
the suspension inlet 8 and the liquid outlet 9 are 
5 controlled by the cycle timer 34. In the present 

example the periods are: valve 10. 0.5 seconds in 
open position f Mowed by a dead time of 0.1 
seconds that both valves are closed, 
subsequently followed by an open position of 

10 valve 11 during 2 seconds and thereupon again a 
dead time interval of 0.1 seconds that both valves 
are closed. After this last interval the cycle is 
repeated. The washed and purified crystals are 
scraped from the compacted bed with scraper 4 

15 and suspended in the recirculating saturated 

solution introduced via 27 and leaving the column 
via 16. Between 16 and 73 a pilot valve is installed 
which is controlled by the leval indicator 82 in the 
open buffer vessel 80. If the level of the liquid 81 

20 in vessel 80 becomes lower than the desired 

value, valve 72 is further opened and when the 
liquid level raises above the desired level, valve 
72 is further closed. Pure demineralized water is 
introduced in the system via 77 and dosing pump 

25 78 into 16 and subsequently 73. The crystals are 
seperated from the saturated solution with the 
aid of decanter centrifuge 74. The slightly wet 
purified crystals leave the centrifuge via 75. The 
saturated liquid is recirculated via buffer vessel 

30 80, pump 17 and 27 to the bottom end of the 

wash column. Dosing pump 78 is adjusted such 
that the reflux of liquid in the compacted bed 2 
amounts 1 % of the flow of crystals on dry basis. 
In the present example this is per hour 0.01 " 0.29 

35 ' 850 is 2.5 kg water saturated with sodium 
chloride. The impurities of the wet crystals 
leaving the decanter centrifuge at 75 amounts to 
less than 0.01 wt.-'Vb 

40 

Claims 

1. A column for separating solid particles from 

45 a liquid suspension and/or purification or 
leaching of solid panicles, consisting of a 
cylindrical column (1) closed at both ends by a 
fixed wall a lid. and provided near one end with a 
rotating scraper (4) for the disintegration of a ■ 

50 washed compacted bed, means or supplying 
wash liquid and means (16) for removing 
suspended solid particles, and near the opposite 
end of the column provided with a stationary 
screening device (3) perpendicular to the axis of 

55 the column and having a diameter equal to the 
inner diameter of the column, characterized in 
that said screening device (13) consists of two 
parallel circular plates (103) of which part of the 
plate facing the scraper is perforated (102) to be 

60 permeable for liquid and not permeable for the 
suspended solids, whe the other parr of said 
plate is occupied by channels (101) which extend 
axially of the column between said plate and the 
other parallel plate, which channels connect the 

65 spaces at both sides exterior to the parall I 
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plates, which channels have no open connections 

to the space enclosed by the two parallel plates 

and which channels have a diameter which is at 

least one order larger than the diameter of the 

perforations in the plate facing the scraper and 5 

the space between the other parallel plate and. 

the wall closing that end of the cylinder 

comprises means (8) for supplying the liquid 

suspension. 

2. A column according to claim 1. characterized 10 
in that the other parallel plate of the screening 

device not facing the scraper, is identical with 
the fixed wall closing the cylinder. 

3. A column according to claim 1. characterized 

in that the other parallel plate of the screening 15 
device not facing the scraper, is not identical 
with the fixed wall closing the cylinder. 

4. A column according to claim 3. characterized 
in that part of the other parallel plate of the 
screening device not facing the scraper is 20 
permeable for liquid and not permeable for the 
suspension solids. 

5. A column according to claim 1. 2. 3 or 4, 
characterized in that the channels in the 

screening device, extending into the two parallel 25 
plates of the screening device, have a diameter 
between 0.2 and 10 cm. 

6. A column according to claim 5, characterized 
in that the channels in the screening device, 
extending into the two parallel plates of the 30 
screening device, have a diameter between 0.5 

and 3 cm. 

7. A column according to claim 4, characterized 
in that the perforations in the plate at the side not 
facing the scraper have a substantially smaller 35 
diameter than the perforations of the plate facing 

the scraper. 

8. A column according to claim 4, characterized 
in that the surface fraction of the perforations of 

the plate not facing the scraper is substantially 40 
smaller than the surface fraction of the 
perforation of the plate facing the scraper. 

9. A column according to claim 3, characterized 
in that the plate of the screening device not 

facing the scraper is, except for the channels, not 45 
permeable for liquid and consists in whole or in 
part of a flexible membrane (106). 

10. A column according to claim 3, 
characterized in that the plate (105) of the 

screening device not facing the scraper is, except 50 
for the channels, not permeable for liquid and is 
movable in the direction of the opposite plate. 

11. A column according to claim 3, 
characterized in that a stirrer (5) is mounted in 

the space between the screening device and the 55 
fixed wall closing the cylindrical column where 
the liquid suspension is spllied. 

12. A column according to claim 1, 
characterized in that the scraper rotates along 

the axis of the cylindrical column in a plane 50 
perpendicular to that axis. 

13. A column according to claim 12, 
charact rized in that the scraper is movable in 
the direction of the axis of the cylindrical column 

and practice a pressure on the washed 65 



compacted bed sufficient to disintegrate the 
washed compacted bed. 

14. An equipment for separating solid particles 
from a liquid suspension and/or purification or 

I aching of solid particles comprising: 

- a column according to claims 1 - 13. 

- a pump (13) connected with the feed line (8) 
to the column, a closed expansion vessel (14) 
which is partly filled with gas and connected to 
the feed line downstream of the pump a 
recirculation line (23) for partly recirculating the 
wash liquid to the column. 

- an expansion vessel (24). which is partly filled 
with gas. connected to the recirculation line after 
a heat exchanger (19) located in said line (23), 

- at least one sensor (7) indicating the 
concentration difference that exists between the 
liquid of the suspension and the wash liquid, 

- valves (10), (11) controlling the supply of the 
liquid suspension and the withdrawal of liquid 
phase permeated into the space between the 
plates of the screening device, respectively. 

15. A process for separating solid particles 
from a liquid suspension and/or purification or 
leaching of solid particles in a column according 
to one or more of the preceding claims based on 
the pulsating movement of a compacted bed in 
this column to which a liquid suspension, under 
withdrawal of liquid phase, is supplied pufsewise 
at one end of the column and the washed 
compacted bed is disintegrated, while the 
product of this disintegration is removed at th 
opposite end of the column and the washfront in 
the compacted bed is moved between two limits 
in the compacted bed characterized in that the 
energy for the compacting and filtering of the 
suspension, the transport of the compacted bed 
to the scraper and the washing are supplied by 
the liquid suspension feeding pump. 

16. A process according to claim 15, 
characterized in that a total cycle of the feeding 
and washing amounts between 0.1 and 40 
seconds. 



Patantansp ruche 

1. Kolonne zum Abscheiden von 
Feststoffteilchen aus einer flussigen Suspension 
und/oder zum Reinigen oder Auslaugen von 
Feststoffteilchen, bestehend aus einer 
zylindrischen Saule (1), die an beiden Enden 
durch eine feste Wand Oder einen Deckel 
verschlossen ist und in der Nahe des einen Endes 
mit einem rotierenden Schaber (4) zum Zerreilen 
eines ausgewaschenen verdichteten Bettes. einer 
Vorrichtung (27) zum Zufuhren von 
Waschflussigkeit und einer Vorrichtung (16) zum 
Entfernen von suspendierten Feststoffteilchen 
versehen ist und in der Nahe des 
entgegengesetzten Endes der Saule mit einer 
stationaren Siebeinrichtung (3) versehen ist. die 
senkrecht zur Achse der Saule angeordnet ist 
und einen Durchmesser hat. der gleich dem 
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Innendurchmesser der Saule ist. dadurch 
gekennzeichnet. daS die Siebeinrichtung (3) aus 
zwei parallelen kreisfrmigen Platten (103) 
besteht. von denen ein Tail der dem Schaber 
zugewandten Plane so p rforiert (102) ist. daS er 
fur Flussigkeit. nicht jedoch fur die suspendierten 
Festststuffe durchlassig ist. wahrend der andere 
Teil dieser Plane von Kanalen (101) eingenommen 
wird. die sich in Achsrichtung der Saule zwischen 
dieser Plane und der anderen parallelen Plane 
erstrecken, die Raume auf den beiden 
AuSenseiten der parallelen Platten verbinden. 
kein offenen Verbindungen mit dem von den 
beiden parallelen Planen eingeschlossenen Raum 
aufweisen und einen Durchmesser haben, der 
mindestens eine Gro&enordnung groSer ist als 
der Durchmesser der Perforationen (102) in der 
dem Schaber zugewandten Platte und wobei der 
Raum zwischen der anderen parallelen Platte und 
der das betreffende Ende des Zylinders 
schlieBenden Wand eine Vorrichtung (8) zum 
Zufuhren der flussigen Suspension enthalt. 

2. Kolonne nach Anspeuch 1 . dadurch 
gekennzeichnet . da£ die andere. nicht dem 
Schaber zugewandte parallele Plane der 

Si beinrichtung mit derfesten Wand, die den 
Zylinder abschlie&t. identisch ist. 

3. Kolonne nach Anspruch 1 , dadurch 

g kennzeichnet , dafi die andere parallele Platte, 
die nicht dem Schaber zugewandt ist. nicht 
indentisch mit der den Zylinder abschlieSenden 
festen Wand ist. 

4. Kolonne nach Anspruch 3. dadurch 
gekennzeichnet . daS ein Teil der anderen 
parallelen Platte der Siebeinrichtung, die nicht 
dem Schaber zugewandt ist, fur Flussigkeit. nicht 
jedoch fur die Suspensionsfeststoffe durchlassig 
ist. 

5. Kolonne nach Anspruch 1, 2. 3 oder4, 
dadurch gekennzeichnet . daS die Kanale in der 
Siebeinrichtung. die sich in die beiden parallelen 
Planen der Siebeinrichtung erstrecken, einen 
Durchmesser zwischen 0.2 und 10 cm haben. 

6. Kolonne nach Anspruch 5, dadurch 
g kennzeichnet . daS die Kanale in der 
Siebeinrichtung, die sich in die beiden parallelen 
Platten der Siebeinrichtung erstrecken. einen 
Durchmesser zwischen 0.5 und 3 cm haben. 

7. Kolonne nach Anspruch 4, dadurch 
gekennzeichnet . daS die Perforationen in der 
Platte an der Seite. die dem Schaber nicht 
zugewandt ist, einen betrachtlich kleineren 
Durchmesser haben, als die Perforationen der 
dem Schaber zugewandten Platte. 

8. Kolonne nach Anspruch 4, dadurch 

gek nnzeichnet . da& der Anteil der Flache der 
Perforationen der dem Schaber nicht 
zugewandten Platte betrachtlich kleiner ist als 
der Anteil der Flache der Perforationen der dem 
Schaber zugewandten Plane. 

9. Kolonne nach Anspruch 3. dadurch 
gekennzeichnet . daS die Plane der 
Sieb inrichtung, die nicht dem Schaber 
zugewandt ist, mit Ausnahme der Kanale nicht fur 
Flussigkeit durchlassig ist und ganz oder zum Teil 



aus einer flexiblen Membrane (106) besteht. 

10. Kolonne nach Anspruch 3. dadurch 
gekennzeichnet . da& die Plane (105) der 
Siebeinrichtung, die nicht dem Schaber 

5 zugewandt ist. mit Ausnahme der Kanale nicht fur 
Flussigkeit durchlassig ist und in Richtung auf die 
entgegengesetzte Plan beweglich ist. 

11. Kolonne nach Anspruch 3, dadurch 
gekennzeichnet . daS ein Ruhrer (5) im 

10 Zwischenraum zwischen der Siebeinrichtung und 
derfesten Wand angeordnet ist. die die 
zylindrische Saule dort schlie&t. wo die flussige 
Suspension zugefuhrt wird. 

12. Kolonne nach Anspruch 1, dadurch 

15 gekennzeichnet . daS der Schaber um die Achse 
der zylindrischen Saule in einer Ebene senkrecht 
zu dieser Achse rotiert. 

13. Kolonne nach Anspruch 12. dadurch 
gekennzeichnet . da& der Schaber in Richtung der 

20 Achse der zylindrischen Saule beweglich ist und 
auf das ausgewaschene, verdichtete Bett einen 
Druck ausubt. der fur eine Zerteilung des 
gewaschenen verdichteten Bettes ausreicht. 

14. Anlage zum Trennen von Feststoffteilchen 
25 von einer flussigen Suspension und/oder zum 

Reinigen oder Auslaugen von Feststoffteilchen 
mit: 

- einer Kolonne gemaB den Anspruchen 1 bis 
13. 

30 - einer Pumpe (13), die mit der 

Zufuhrungsleitung (8) der Kolonne verbunden ist. 

- einem geschlossenen ExpansionsgefaS (14) 
welches teilweise mit Gas gefullt und mit der 
Zufuhrungsleitung stromabwarts von der Pumpe 

35 verbunden ist. 

- einer Rezirkulationsleitung (23) zum teilweis n 
Zuruckf uhren der Waschflussigkeit zur Kolonne, 

- einem ExpansionsgefaS (24), das teilweise mit 
Gas gefullt ist und mit der Rezirkulationsleitung 

40 nach einem in dieser Leitung (23) angeordneten 
Warmetauscher (19) verbunden ist. 

- mindestens einem Sensor (7). der die 
Konzentrationsdifferenz zwischen der Flussigkeit 
der Suspension und der Waschflussigkeit 

45 anzeigt, 

- Ventilen (10). (11) zum Steuern der Zufuhr der 
flussigen Suspension bzw. des Abziehens von 
flussiger Phase, die in den Zwischenraum 
zwischen den Platten der Siebeinrichtung 

50 gedrungen ist. 

15. Verfahren zum Trennen von 
Feststoffteilchen von einer flussigen Suspension 
und/oder zum Reinigen oder Auslaugen von 
Feststoffteilchen in einer Kolonne nach einem 

55 oder mehreren der vorhergehenden Anspruche 
basierend auf einer pulsierenden Bewegung 
eines verdichteten Bettes in dieser Kolonne, der 
eine flussige Suspension unter Abziehen einer 
flussigen Phase pulsweise am einen Ende der 

60 Kolonne zugefuhrt wird. wobei das gewaschene 
verdichtete Ben zerteilt wird, wahrend das 
Produkt der Zerteilung am entgegengesetzten 
Ende der Kolonne entfernt wird und die 
Waschfront im verdichteten Bett zwischen zwei 

65 Grenzen im verdichteten Bett bew gt wird. 
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dadurch gekennzeichnet . daS die Energie fur das 
V rdichten und Filtern der Suspension, den 
Transport des verdichteten Bettes zum Schaber 
und das Waschen durch die die flussige 
Suspension zufuhrende Pumpe geliefert wird. 

16. Verfahren nach Anspruch 15, dadurch 
gekennzeichnet . daS ein vollstandiger Zyklus aus 
Zufuhren und Waschen zwischen 0,1 und 40 
Sekunden dauert. 



Revendications 

1 . Coionne pour separer des particules solides 
d'avec une suspension liquide et/ou pour purifier 
ou lessiver des particules solides, constitute 
d'une coionne cylindrique (1) fermee aux deux 
extremites par une paroi fixe ou un couvercle, et 
equipee. pres de I'une de ses extremites. d'un 
racloir rotatif (4) pour la disintegration du lit 
compacte lave, de moyens (27) pour amener un 
liquide de lavage et de moyens (16) pour eniever 
des particules solides en suspension, et equipee, 
pres de son extremite opposee, d'un dispositif de 
tamisage fixe (3) monte perpendiculairement a 
I'axe de la coionne et presentant un diametre 
egal au diametre interieurde la coionne,* 
caracterisee en ce que le dispositif de tamisage 
(3) est constitue de deux panneaux circulates 
paralleles (103), une partie du panneau qui fait 
face au racloir etant perforee (102) pour etre 
permeable au liquide et impermeable aux solides 
en suspension, tandis que I'autre partie dud.it 
panneau est occupee par des canaux (101) qui 
s'etendent dans la direction axiale de la coionne, 
entre ledit panneau et I'autre panneau parallele 
lesdits canaux reliant les espaces situes des deux 
cotes a I'exterieur des panneaux paralleles, 
n'ayant pas de liaison ouverte avec I'espace 
enclos par les deux panneaux paralleles et ayant 
un diametre d'au moins un ordre de grandeur 
superieur au diametre des perforations (102) du 
panneau qui fait face au racioir, et I'espace situe 
entre I'autre panneau parallele et la paroi qui 
obture cette extremite du cylindre comprenant 
des moyens (8) pour amener la suspension 
liquide. 

2. Coionne suivant la revendication 1. 
caracterisee en ce que I'autre panneau parallele 
du dispositif de tamisage qui ne fait pas face au 
racloir est identique a la cloison fixe obturant le 
cylindre. 

3. Coionne suivant la revendication 1, 
caracterisee en ce que I'autre panneau parallele 
du dispositif de tamisage qui ne fait pas face au 
racloir n'est pas identique a la cloison fixe 
obturant le cylindre. 

4. Coionne suivant la revendication 3, 
caracterisee en ce qu'un partie de ['autre 
panneau parallele du dispositif de tamisage qui 
ne fait pas face au racloir est permeable au 
liquide et impermeable aux solides en 
suspension. 

5. Coionne suivant la revendication 1, 2, 3 ou 4, 



caracterisee en ce que les canaux qui, dans le 
dispositif de tamisage. s'etendent a I'interieur 
des deux panneaux parallel s du dispositif de 
tamisage, ont un diametre compris entre 0,2 et 10 
5 cm. 

6. Coionne suivant la revendication 5, 
caracterisee en ce que les canaux qui, dans le 
dispositif de tamisage, s'etendent a I'interieur 
des deux panneaux paralleles du dispositif de 

10 tamisage, ont un diametre compris entre 0.5 et 3 
cm. 

7. Coionne suivant la revendication 4, 
caracterisee en ce que les perforations dans le 
panneau qui est du cote qui ne fait pas face au 

15 racloir ont un diametre sensiblement inferieur a 

celui des perforations du panneau qui fait face au 
racloir. 

8. Coionne suivant la revendication 4, 
caracterisee en ce que la fraction de surface 

20 perforee du panneau qui ne fait pas face au 

racloir est sensiblement inferieure a la fraction de 
surface perforee du panneau qui fait face au 
racloir. 

9. Coionne suivant la revendication 3, 

25 caracterisee en ce que le panneau du dispositif 
de tamisage qui ne fait pas face au racloir est. a 
I'exception des canaux, impermeable au liquide 
et est constitue en tout ou en partie d'une 
membrane flexible (106). 

30 10. Coionne suivant la revendication 3, 

caracterisee en ce que le panneau (105) du 
dispositif de tamisage qui ne fait pas face au 
racioir est, a I'exception des canaux. 
impermeable au liquide et peut se deplacer en 

35 direction du panneau oppose. 

11. Coionne suivant la revendication 3. 
caracterisee en ce qu'un agitateur (5) est monte 
dans I'espace existant entre le dispositif de 
tamisage et la cloison fixe obturant la coionne 

40 cylindrique, a I'endroit ou Ton amene la 
suspension liquide. 

12. Coionne suivant la revendication 1, 
caracterisee en ce que le racloir tourne autour de 
I'axe de la coionne cylindrique, dans un plan 

45 perpendiculaire a cet axe. 

13. Coionne suivant la revendicatipn 12. 
caracterisee en ce que le racloir peut.se deplacer 
dans la direction de I'axe de la coionne 
cylindrique et exercer sur le lit compacte lave une 

50 pression suffisante pour desintegrer le lit 
compacte lave. 

14. Equipement pour separer des particules 
solides d'avec une suspension liquide et/ou 
purifier ou lessiver des particules solides. 

'55 comportant: 

- une coionne suivant les revendications 1 - 13. 

- une pompe (13) reliee a la conduite (8) 
d'amenee a la coionne, 

- un reservoir d'expansion ferme (14) qui est 
60 partiellement rempli de gaz et qui est relie a la 

ligne d'alimentation en aval de la pompe. 

- une conduite de recyclage (23) pour r cycler 
partiellement I liquid de lavage vers la coionne. 

- un reservoir d'expansion (24) qui est 

65 partiellement r mpli de gaz et qui est relie a la 
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conduite de recyclage. apres un echangeur de 
chal ur (19) place sur ladite conduite (23), 

- au moins un detecteur (7) indiquant la 
difference de concentration qui existe entre I 
liquid d la suspension et I liquide de lavage. . 5 

• des vannes (10), (11), qui commandent 
I'amenee de la suspension liquide et ('evacuation 
de la phase liquide produite par permeation dans 
I'espace existant entre les panneaux du dispositif 
de tamisage, respectivement. 10 

15. Procede pour separer des particules solides 
d'avec une suspension liquide et/ou purifier ou 
lessiver des particules solides dans une colonne 
conforme a une ou plusieurs des revendications 
precedentes. ce procede etant base sur le 15 
mouvement pulsatoire d'un lit compacte qui se 

trouve dans cette colonne et auquel on amene, 

par impulsions, une suspension liquide, tout en 

evacuant la phase liquide, a Tune des extremites 

de la colonne, et le lit compacte lave etant 20 

desintegre, tandis que le produit de cette 

disintegration est evacue a I'extremite opposee 

de la colonne et que le front de lavage dans le lit 

compacte se deplace entre deux limites dans le 

lit compacte, caractertse en ce que I'energie 25 

necessaire pour le compactage et la filtration de 

la suspension, pour le transport du lit compacte 

vers le racloir et pour le lavage est fourrrie par la 

pompe d'amenee de la suspension liquide. 

16. Procede suivant la revendication 15, 30 
caracterise en ce qu'un cycle total d'amenee et 

de lavage dure entre 0,1 et40 secondes. 

35 
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